Background. Dementia and cardiovascular disease (CVD) are frequently comorbid. The presence of dementia may have an effect on how CVD is treated. Objective. To examine the effect of dementia on the use of four medications recommended for secondary prevention of ischemic heart disease (IHD): angiotensin-converting enzyme inhibitors, beta-blockers, lipid-lowering medications, and antiplatelet medications. Design. Retrospective analysis of data from the Cardiovascular Health Study: Cognition Study. Setting and Subjects. 1,087 older adults in four US states who had or developed IHD between 1989 and 1998. Methods. Generalized estimating equations to explore the association between dementia and the use of guideline-recommended medications for the secondary prevention of IHD. Results. The length of follow-up for the cohort was 8.7 years and 265 (24%) had or developed dementia during the study. Use of medications for the secondary prevention of IHD for patients with and without dementia increased during the study period. In models, subjects with dementia were not less likely to use any one particular class of medication but were less likely to use two or more classes of medications as a group (OR, 0.60; 95% CI, 0.36-0.99). Conclusions. Subjects with dementia used fewer guideline-recommended medications for the secondary prevention of IHD than those without dementia.
Introduction
Among medicare beneficiaries diagnosed with dementia, 30% also have a diagnosis of ischemic heart disease (IHD) [1] , and as many as 54% have had a myocardial infarction at some point in their lives [2] , making them candidates for the use of medications for the secondary prevention of IHD. There appears to be a link between cardiovascular disease (CVD) [3] and the development of clinical dementia, and the aggressive treatment of CVD may delay or reduce the risk of developing dementia [4] [5] [6] . For example, studies show an inverse relationship between statin use and risk for Alzheimer's disease, possibly due to the role that lipids may play in the development of this disease [7, 8] .
Additionally, dementia in older adults has an effect on the management of comorbid cardiovascular disease: patients with myocardial infarction are half as likely to receive invasive cardiac procedures if they have dementia listed in their hospital chart [9] ; community-dwelling patients with a diagnosis of dementia are less likely to use either cardiovascular medications [10] or a lipid-lowering medication [11] , and even after controlling for IHD, use of cardiovascular medications 2 Journal of Aging Research is lower in nursing home residents with dementia, especially severe dementia [12] .
While the presence of clinical dementia plays a role in decisions to use invasive procedures and medications for the management of CVD, no studies, to date, have examined and compared the use of medications recommended for the secondary prevention of IHD in a population with and without dementia over time. We used an epidemiologic cohort of subjects serially assessed for dementia and IHD to explore the relationship between dementia and the use of guideline-recommended medications for the secondary prevention of IHD between 1989-1998, a decade with substantial growth in the use of these medications. We hypothesized that use of these medications for the secondary prevention of IHD would be lower in individuals with dementia than in individuals without dementia.
Methods

Setting, Participants, and Study Design.
We conducted a retrospective analysis of prospectively collected data from the Cognition Study within the Cardiovascular Health StudyCognition Study (CHS-CS) [13, 14] . We used CHS-CS data concerning dementia, IHD, medication usage for the secondary prevention of IHD, and comorbidity status.
The CHS is a longitudinal, observational, communitybased study of the onset, progression, and course of cardiovascular disease in 5,201 older men and women from four sites: Forsyth County, North Carolina; Sacramento, California; Washington County, Maryland; and Pittsburgh, Pennsylvania [14] . The CHS cohort was aged 65 and older at enrollment in 1989-1990 and was supplemented with 687 men and women during a minority participant recruitment effort at these same sites in 1992-1993.
Each year, the CHS-CS investigators captured data on the study participants' cognitive status by administering the Modified Mini-Mental State Examination (3MSE) [15] and the Digit Symbol Substitution Test [16] . To obtain additional information on the cognition of participants, the investigators administered the Informant Questionnaire on Cognitive Decline in the Elderly [17] and the Dementia Questionnaire [18] to proxies (e.g., spouses or children of participants). The CHS-CS protocol for the classification of dementia was previously reported [19] .
The CHS investigators collected detailed diagnostic information about the study participants' cardiovascular health, including clinical, radiologic, and laboratory data. They defined prevalent cardiovascular disease as a history of myocardial infarction, angina, congestive heart failure, or stroke, as indicated by participant self-report and confirmed by a medical record review, the results of a baseline electrocardiogram, or both [20] . Incident cardiovascular disease is defined as the onset of any of these conditions after baseline assessment, subject to adjudication at the field sites with the use of information from treating physicians or from hospital discharge summaries. For this study, we defined prevalent IHD as history of myocardial infarction and angina (stable and unstable) indicated by CHS and incident IHD as the onset of either of these conditions after baseline assessment.
To ascertain information about the participants' use of prescription medications, members of the CHS team performed in-person (home or clinic) medication inventories each year [21] . In cases when the medication information could not be obtained from the participant (e.g., too cognitively impaired), a proxy provided the information for the medication inventory. The CHS-CS protocol did not include collecting data on prescriptions written by physicians. Details about the medication use assessment and validation of this method for estimating drug exposure were previously reported [21] .
Independent
Variables. For our primary analyses, the independent variable was dementia status (present/absent) of study participants with IHD for each year of longitudinal follow-up, as classified by the CHS-CS investigators. For participants with prevalent cases of dementia, we assigned their study baseline year as the year of onset. For participants with incident cases of dementia, we used the onset date determined by the CHS-CS investigators. If participants had mild cognitive impairment but did not convert to dementia during the study period, we considered them to be without dementia. Patients contributed multiple years of data with an average of 8.7 years of follow-up and could have been demented throughout or nondemented throughout or could have converted from non-demented to demented during the observation period.
As a sensitivity analysis, we explored an alternate specification of dementia, presence of dementia from the perspective of the subject or their proxy using any of the following items on the Dementia Questionnaire: a proxy report of memory or cognition problem, an indication that the participant had been told by a physician that they had memory or thinking problems, or a report that the participant had been prescribed a medication for memory. We used this variable because the CHS-CS cognitive diagnosis-a research-based assessment-may not have been known by the subject, proxy, or the community physician responsible for prescribing the medications, whereas the Dementia Questionnaire items directly measure proxy and/or physician recognition of impairment. The CHS study did not collect data on participants' treating physicians or the prescribing physician for medications.
Dependent Variables and Covariates.
As dependent variables (main outcome measures) for our study, we used four classes of guideline-recommended cardiovascular medications: ACE inhibitors, beta-blockers, lipid-lowering medications, and antiplatelet medications. We selected these classes for two reasons: they had the strongest evidence of reducing mortality from IHD following a myocardial infarction at the time of the CHS, and they were included in clinical practice guidelines for the treatment and management of patients with IHD during all or some of the study period [22] [23] [24] [25] .
In unadjusted models, we compared medication use for two representative years: 1992 (study year 5 of original sample Journal of Aging Research 3 and baseline year for supplemented minority cohort) and 1998 (study year 11 and final study year for full sample). In our primary multivariable analyses, we determined whether participants used drugs from one or more of the four drug classes. To test for use separately and jointly, we dichotomized the variables as taking a drug from a particular class (yes/no) or taking drugs from two or more classes (yes/no) during each study year. Our models for ACE inhibitors, betablockers, and antiplatelet medications were from 1989 to 1998. Our model for lipid-lowering medications over time was restricted to the seven-year period from 1992 to 1998, since the use of these drugs was not standard practice until later in the study period.
Covariates tested for inclusion in each final model included age, sex, race, education level, income level, functional status (e.g., activities of daily living), clinically important factors (e.g., atrial fibrillation, congestive heart failure, stroke, depression, diabetes, hypertension, hyperlipidemia, and kidney disease), and study site.
Statistical Analyses.
To characterize the study sample in terms of sociodemographic data and use of medications (ACE inhibitors, beta-blockers, lipid-lowering medications, antiplatelet medications, all other cardiac drugs, and total number of prescription medications), we used descriptive statistics. Chi-square tests for categorical variables and ttests for continuous variables were used to compare the sociodemographic and medication data for participants with and without dementia, at different time points. Where nonparametric procedures were indicated, we used Fisher's exact tests for analysis. We examined the relationship between dementia status and use of medication for the secondary prevention of IHD by calculating the odds that individuals with dementia would be taking drugs from one or more classes of guideline-recommended medications (relative to those without dementia). To test differences in use of any drugs compared to no use, we created an "any use" variable for the four classes; we then modeled use of each drug individually and then use of any two classes together. Then, to better understand the specific role of certain covariates as confounders, we examined the unadjusted odds ratio for each covariate and the change in the ratio after adjusting for dementia status. In the final models, we included all demographic and clinical covariates that had clinical relevance or a strong association ( ≤ 0.10) with the use of ACE inhibitors, beta-blockers, lipid-lowering medications, or antiplatelet medications.
To model the use of the four classes of drugs individually and as a group of two or more over time, we fitted a generalized estimating equation (GEE) with binomial distribution, logit link function, and autoregressive correlation structure. For the autoregressive correlation structure, we selected a lag period of 1 year, given that the likelihood of being treated with a particular drug was higher if the same drug was used the previous year. Because GEE models assume missing data completely at random, we created weights for each observation that were inversely proportional to the probability of missing. Only participants with a determination of IHD were included in the model, so participants with incident IHD were not included until their incident year.
We used Stata/SE version 12 (StataCorp, College Station, Texas) to perform all analyses and considered a value of <0.05 as significant.
Results
Characteristics of the Study Sample.
Our study sample consisted of the 1,087 CHS-CS participants who had IHD; 591 subjects had IHD at baseline, and 496 developed IHD during the study period. The average follow-up period for the cohort was 8.7 years. The mean age of the study sample at baseline was 76.6 years. Of the 1,087 participants, 567 (52%) were male, 928 (85%) were white, 617 (57%) had a high school education or less, 786 (72%) had an annual income of $34,999 or less, and 265 (24%) had dementia identified by the CHS-CS either at baseline or later during the study (Table 1) . Among the 1,087, 118 (11%) had a family member or other proxy indicated on the Dementia Questionnaire that they were aware that the participant had a cognitive impairment or that they were taking a cognitive enhancement medication (i.e., Donepezil and Memantine-1996 and later). Table 1 compares sociodemographic characteristics and functional and comorbidity status of participants without dementia and participants with dementia in two representative years, 1992 (study year 5 of original sample and baseline year for supplemented minority cohort) and 1998 (study year 11 and final study year for full sample). In each year, partcipants with dementia were significantly older, were more likely to have a high school education or less, and have lower activities of daily living score. Participants with and without dementia differed regarding comorbidity status. In both year 5 and year 11, participants with dementia were significantly more likely to have a history of atrial fibrillation, congestive heart failure, kidney disease, depression, and stroke. Table 2 compares medication use of participants in these same years. Overall, the use of guideline-recommended medications for the secondary prevention of IHD for patients with and without dementia increased over time but was lower for those with dementia compared to those without dementia. In contrast, the use of other cardiac medications did not show substantial secular growth and they were used at similar or higher rates among those with dementia compared to those without dementia. Table 3 shows results from the longitudinal multivariable models that adjusted for age, race, sex, hypertension, diabetes, atrial fibrillation, congestive heart failure, study site, interaction term for dementia and age, and study year. We found that participants with dementia were no more or less likely to use any one drug class, but they were significantly less likely to use two or more guideline-recommended medications (odds ratio (OR), 0.60; 95% confidence interval (CI), 0.35-0.99). Results for other covariates indicate that being nonwhite (OR, 2.26; 95% CI 1.34-3.86) and older (OR, 0.97; 95% CI 0.92-0.99) was also independently associated with less use of two or more guideline-recommended medications. 
Comparison of Groups.
Effects of Proxy-Recognized Dementia.
In sensitivity analyses, we found that whether or not a participant's family member or an other proxy recognized the participant's cognitive impairment had no effect on the participant's use of guideline-recommended medications (results not shown).
Discussion
To our knowledge, this is the first study to examine the effect of dementia on the use of guideline-recommended medications for the secondary prevention of IHD. During the study period, the proportion of all patients with IHD who reported using a guideline-recommended mediation increased substantially; however, those with dementia were less likely than those without dementia to use these medications. In adjusted analyses, individuals with dementia identified by the CHS-CS were less likely than individuals without dementia to use guideline-recommended drugs from two or more classes. This was not driven by lower rates of using drugs from any particular class. Cognitive impairment acknowledged by proxy on the Dementia Questionnaire did not impact use of drugs from any particular class individually or as a group. Our study did not examine why there were differences in the use of medications between individuals with and without dementia or differences in prescribing or adherence, but several related points about our study limitations and about physicians' knowledge of dementia and prescribing practices in general should be considered.
First, in our main study analyses, the dementia status was determined by a detailed CHS-CS protocol, yet the individuals in our study were being treated by their own community-based physicians. Research shows that impaired cognitive status goes unrecognized by primary care physicians in 30%-50% of cases, [26] so it is possible that the physicians who prescribed medications for IHD were not aware of their patients' dementia status [26, 27] . We should note, however, that in 1997-1998 (the same year the Dementia Questionnaire was administered to proxies) the CHS-CS investigators informed the participants' physicians if test results showed strong evidence of cognitive impairment.
Second, we were unable to measure who the prescribing physician(s) was for each of these medications and the reasons why a patient may have reported less use of a guideline-recommended medication (e.g., lack of an indication, never received a prescription, nonadherence, patient preferences, and poor prognosis) [28] . Therefore, we could not make any conclusions if the lower use was appropriate or inappropriate. Because the medications recommended for the secondary prevention of IHD are relatively low-cost and likely considered to be low-burden and low-risk, we might expect them to be considered for any patient with IHD. Yet, dementia is known to reduce life expectancy, and the progressive nature of this condition may reduce the priority placed on secondary prevention of IHD. It is possible that this reprioritization of care would include evidence-based management for comorbidities and the changing of treatment plans during the course of dementia to match patient life expectancy, preferences, and treatment goals.
Third, medications for the secondary prevention of IHD are generally recommended to continue indefinitely. Their use may be challenging for any patient who is already receiving multiple drugs or if a patient had been taken off of a drug due to side effects. It can be particularly challenging for patients with dementia or their caregivers to have prescriptions filled and to take medications as instructed.
Fourth, although physicians are more reluctant to stop prescribing a medication than they are to not prescribe it in the first place, guideline-recommended medications could ethically be withdrawn if necessary (e.g., if the patient were using the drug erratically) [29] . Nevertheless, some physicians may not feel comfortable stopping medications, either because of the risk of adverse events or because they believe that stopping the drugs might be seen as a sign of "giving up" or contradicting earlier advice. In a followup study using the same dataset, we will investigate the relationship of the timing of onset of both dementia and IHD to measure if those who develop IHD prior to dementia are 6 Journal of Aging Research more likely to use these medications compared to those who develop IHD after dementia. Fifth, the data used for this study are from 1989 to 1998, and use of these medications in current practice is higher. Also, we did not include use of angiotensin receptor blockers which have been shown in recent studies to reduce the risk of dementia [30] . Nonetheless, the objective of this study was to determine differences in use between those with and without dementia, not rates of use per se. Although the data used in these analyses are from 1989 to 1998, we believe our findings are relevant given the evidence regarding the aggressive treatment of CVD and a possible delay or reduction in the risk of developing dementia. Additionally, we believe our findings are valid because differences in the treatment and management of comorbidities among older adults with dementia persist and continue to be reported in the literature [31, 32] despite greater overall health care utilization for older adults with dementia. It would be important for future research to assess the magnitude and consequences of these disparities, as well as the source, and whether differences are a reflection of differences in patient goals of care or possible provider biases.
In summary, the dementia status of patients is associated with less use of drugs for secondary prevention of IHD. Further studies are needed to determine why this is true for these particular drugs and whether it is true for other prescription drugs. Additionally, future studies investigating prescription patterns and subsequent patient adherence as a function of cognitive status could inform sources of the disparity. This line of inquiry could prove valuable for heightening physicians' awareness of their patients' cognitive status and its role in the overall management of their health. Our study also provides preliminary information for efforts to develop interventions to improve how physicians present information about treatment options and outcomes to patients with dementia and other comorbidities. Based on our findings, we believe it is important that future studies investigate sources of variation in the use of medications and the possible factors that influence medical decision making for patients with dementia.
